Abstract. This research shows some parameters about the ratio of water/peel, distilling time, volume of salt and components of essential oil after receiving process. It also made clearly the relationship between some factors for essential oil production; the yield was estimated by Response Surface Methodology (RSM) and Central Composite Circumscribed (CCC) design. The optimized equation was performed below: y=2.6+0.09x 1 +0.05x 3 -0.06 -0.09 -0.04 . There is the relationship between the distilling time, ratio of water/peel and volume of salt with the yield of essential oil. The maximum value of essential oil was 2.65 ml (~ 6.5 %, v/w) (y), distilling time (x 1 ) in 234 minutes at approximate temperature 100°C, water : peel ratio (x 2 ) was 10.2 : 1 and salt concentration (NaCl) was 10.91%. The factor can influence strongly on the yield of essential oil production was distilling time and rate of water/peel. They are absolutely independent and not interaction. The received essential oil from the Cinnamomum cassia BL was analyzed by GC-MS method. Some compounds were recognized as 3-Phenylpropenal (85.5 %) which was the main components. The other components were also detected with tiny amount such as Germacrene, δ Cadinene, Coumarin. This essential oil can inhibit some pathogenic bacteria, for instance Escherichia coli, Coliforms.
Introduction
The advantage of Cinnamomum cassia BL was rather popular in Vietnam (especially in the Middle and North Vietnam, for instance Yen Bai, Thanh Hoa, Quang Ninh province.) and it has high essential oil content (1-3 %) which was used widely in cosmetic, medicine and food industry.
Essential oil is extracted from peel or leaf but the content of essential oil from peel is higher than leaf.
It is very good for health, so Cinnamomum cassia BL was chosen as major stable materials in pharmacy, food and aromatic spices industry.
Nowadays, there are two popular methods to extract essential oil as distillation and extraction by solvents THACH, 2003; LO et al., 2009 .
In Vietnam, they usually use distillation method for extracting essential oil. Currently, the most critical periods in the research and development of multidiscipline were the optimization of conditions for processing, especially in technology and economy.
The mathematical models were always used in statistical methodologies for designing biotechnology, food process and predicting the result of process BAS et al, 2007 , SAMFIRA et al., 2012 .
Response surface methodology (RSM) is the useful tool and the powerful mathematical model which has a lot of statistical techniques, shows the interactions of factors and decreases the number of experiment CHEYNIER et al., 1983 , MARY et al., 2003 .
Therefore, researching about distillation from Cinnamomum cassia BL by RSM is quite necessary and important.
In the main goal of this research, we concern about the yield of essential oil distillation, the correlation of factors, the composition of essential oil and antibacterial ability.
Material and methods

Sample collection
Peel of Cinnamomum cassia BL had source from Yen Bai province (Vietnam), color from reddish brown to pale brown, not impurities, slight sweet and acrid. Humidity was 14 % max, ashes total content was 5 % max.
Experimental equipment
The hammer mill Impact Mill (Pin Mill) DSCM-M50HP (China).
The apparatus Clevenger (Germany) used for distilling essential oil with volume of boiled container 1000 ml.
The apparatus HP 5890 GC/5972 MS (USA) used for identifying the component chemicals.
2.3. Methods 40 g of sample was ground and crust peel was screened by sieve 60# (0.25 mm). Then the ground sample was filled by water, salt and it was added 1 mL xylene into condenser branch.
The peel was distilled approximate 100°C in the apparatus Clevenger to achieve the volume of essential oil (Figure 1) . Received essential oil can not dissociate from condenser water but it can dissolve in xylene solution.
The total volume in small cylinder consisted of essential oil and 1 mL xylene. The chemical compounds of the essential oil from Cinnamomum cassia BL were identified by GC-MS method.
Using model in this research was Central Composite Circumscribed (CCC) design; it also was the original form of the central composite design.
Some star points are at some distance α from the center based on the properties desired for the design and the number of factors in the design. The star points establish new extremes for the low and high settings for all factors.
These designs have circular, spherical, or hyperspherical symmetry and require 5 levels for each factor. . We researched three factors for the distilling process variables such as the distilling time (120-240 minute), the salt concentration (8.75-11.25 %, w/v) and the water/peel ratio (8/1-12/1, w/w) ( Table 1) . This design consists of 19 experimental trials and there are 5 replications at the central points (Table  2) . Response surface methodology (RSM) can determine the optimum condition for distilling process.
The factors including the distilling time (x 1 ), water/peel ratio (x 2 ) and salt concentration (x 3 ) to target yield of distilling process (y) were identified by the optimization method.
Influence of the factors in process to target function was illustrated bellows 
Optimum parameters of factors were analyzed by the software Modde 5.0.
The result was identified by using the Analysis of Variance (ANOVA) with p value < 0.05 which was considered as significant. Antibacterial activity of essential oil was evaluated with the agar diffusion method and it was measured by the total diameter of the inhibition zone, including the filter paper (ø=6 mm) that contains of 0.03 ml essential oil, to the nearest millimeter.
Antibacterial activity test
Bacterial suspensions without filter paper were used as controls samples.
All determinations were performed in triplicate.
Results and discussion
Optimization for volume of essential oil
The p value was the very important value and the tool to test the significance of the coefficients. As the p value decrease, the confidence of model increase. The regression equation depends on x 1 , x 2 , x 3 or the distilling time, water/peel ratio, salt concentration and they do not interact together.
The equation was described by some regression coefficients of linear term (x 1 , x 3 ) and quadratic coefficients (x 1 , x 2 and x 3 ).
The highest coefficients were x 1 (the linear term) and x 2 (the quadratic term), that means the factors have the strongest effect on volume of essential oil. In the other way, distilling time and salt concentration were covariant with the yield of distilling process and the influence level of distilling time is the strongest at the linear term. Besides, all factors were contravariant with the yield of distilling process and the influence level of rate of water/peel is the strongest at the quadratic term.
The regression equation reflects the accuracy of the empirical model, and this is confirmed by R 2 (0.931) which was the coefficient of determination. In other words, the equation can explain 93. Based on the data received, the software Modde 5.0 optimized and achieved the predicted result (table 5) . The difference between the volume of oil collected from the experimental compared with the predicted was only 1.5 %, so the model is setup with accuracy and predictability is high, so can be put into practical applications.
The figure 2 and figure 3 show the volume of essential oil increases when the ratio of water/peel and salt concentration increase.
The Based on the data received, the software Modde 5.0 optimized and achieved the predicted result (table 5) .
The difference between the volume of oil collected from the experimental compared with the predicted was only 1.5 %, so the model is setup with accuracy and predictability is high, so can be put into practical applications. With R 2 = 92.9 % or an accuracy level of 92.9 %, which means that the equation can explain 92.9 % of the actual data, the result could not explain approximate 7 % of the overall effect.
Hence, this is the strong statistical model.
Almost
of the chemical composition of essential oil was identified by GC-MS methodology (about 10 compounds, 99.8%) and the results were showed in table 6.
3-Phenylpropenal had the highest content in the essential oil (85.5%) and some other compounds, for instance Germacrene (4.6 %), δ Cadinene (2.8%), Coumarin (2.3 %), α Amorphene (1.7%). The antibacterial effectiveness of compounds in essential oil has the correlattion with inhibition zone diameter. The antibacterial activities of essential oil increased slowly with decrease in concentration of bacteria.
